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Intr oduction

1. The earliestversionof this specificationwas authoredby ElizabethWiebel and David
Greenbeay andappearechs CCS-TR-02-159n March, 2002[2]. UPC collectiveshave
beendiscussedt workshopsat SC2001,SC2002,SC2003,and at workshopsheld at
Geoge WashingtorUniversityin March,2002,andMay, 2003.

1 Scope

1. This documentdescribedJPC functionsthat supplementJPC. All UPC specifications
asperV1.1.1[1] areconsideredgartof this specificationandthereforewill not be ad-
dressedn thisdocument.

2. Smallpartsof UPCV1.1.1mayberepeatedor self-containmenandclarity of thefunc-
tionsdefinedhere.

2 Definitions

1. collective:
arequiremenplacedon somelanguageperationsvhich constrainsnvocationsof such
operationgo be matched acrossall threads. The behaior of collective operationss
undefinedunlessall threadsxecutethe samesequencef collective operations.

2. single-valued:

is anoperando a collective operationwhich hasthe samevalueon every thread. The
behaior of the operationis otherwiseundefined.

3. All but one of the functionsdefinedin this specificationinclude a figure that roughly
illustrateshow blocksof dataarecopiedfrom onethreadto another Fourthreaddabeled
To, T1, T2, andTsz areshown in eachfigurealongwith a suitablenumberof blocksof data
labeledD;. Thesdiguresarenotintendedo representhefull generalityof theassociated
functions.Thefiguresdo not correspondo the examplecodesegmentsunlessotherwise
noted. Thefiguresandthe examplecodesegmentsshouldnot be viewed asformal parts
of this specification.

LA collective operationmeednot provide any actualsynchronizatiorbetweerthreadsunlessotherwisenoted.
Thecollective requiremensimply statesarelative orderingpropertyof callsto collective operationghatmustbe
maintainedin the parallelexecutiontracefor all executionsof ary legal program. Someimplementationgnay
include unspecifiedsynchronizatiorbetweenthreadswithin collective operationsbut programsmust not rely
uponsuchunspecifiedsynchronizatiorior correctness.
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3 Commonrequirements

1. Thefollowing requirementspplyto all of thefunctionsdefinedin this documentvhose
nameseayinupc _all _....

2. All of thefunctionsarecollectie.
3. All collective functionamgumentsaresingle-\alued.

4. Collective functionsmaynotbecalledbetweerupc notify —andthecorresponding
upc _wait .

5. Thelastargumentof eachcollective functionis thevariablesync _mode of type
upc _flag _t. Valuesof sync _mode areformedby or-ing togethera constanof theform
UPCIN _XSYNCanda constantof the form UPCOUTYSYNG whereX andY may be NQ
MY, or ALL.

If sync _mode hasthe value(UPC_IN _XSYNC| UPCOUTYSYNC), thenif Xis

NO the collective function may begin to reador write datawhen the first threadhas
enteredhe collective functioncall,

MY the collective function may begin to reador write only datawhich hasaffinity to
threadghathave enteredhe collective functioncall, and

ALL the collective function may begin to reador write dataonly after all threadshave
enteredthe collective functioncall?

andif Yis

NO thecollective functionmayreadandwrite datauntil thelastthreadhasreturnedrom
the collective functioncall,

MY the collective function call mayreturnin a threadonly after all readsandwrites of
datawith affinity to thethreadarecompleté, and

ALL the collective function call may returnonly after all readsand writes of dataare
complete?

2UPCIN _ALLSYNCrequireghecollective functionto guarante¢hatafterall threadshave enteredthe collective
functioncall all threadswill readthe samevaluesof theinput data.

3UPCOUTMYSYNGequiresthe collective function to guaranteehat after a threadreturnsfrom the collective
functioncall thethreadwill notreadary earliervaluesof the outputdatawith affinity to thatthread.

4UPCOUTALLSYNCrequiresthe collective functionto guarante¢hatafter a threadreturnsfrom the collective
function call the threadwill notreadary earliervaluesof the outputdata. UPCOUTALLSYNCis not requiredto
providean“implied” barrier For example,if theentirecollective operatiorhasbeencompletedy acertainthread
beforesomeotherthreadshave reachedheir correspondindunctioncalls, thenthatthreadmayexit its call.
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UPCIN _XSYNCaloneis equivalentto (UPC_IN _XSYNC| UPCOUTALLSYNC),
UPCOUTXSYNCaloneis equivalentto (UPC_IN _ALLSYNC| UPCOUTXSYNC),
andOis equivalentto (UPC_IN _ALLSYNC| UPCOUTALLSYNC), whereXis NQ MY, or ALL.

Forward reference:upc _flag _t (4.1.2).

4 Collectiveslibrary
4.1 Standard header

1. Thestandarcheadelis
<upc _collective.h>

2. upc _collective.h containghedefinitionsof thetypesupc flag _t andupc _op_t .
upc flag _t andupc_op_t areof integraltype.

Forward reference:upc _op_t (4.3.1).

4.2 RelocalizationOperations

4.2.1 Theupc_all _broadcast function
Synopsis

1. #include  <upc.h>
#include  <upc _collective.h>
void upc_all _broadcast (shared void *dst, shared const void *src,
size _t nbytes, upc_flag _t sync _mode);
nbytes: the number of bytes in a block

Description

1. Theupc_all _broadcast function copiesa block of memorywith affinity to a single
threadto ablock of sharedmemoryon eachthread.Thenumberof bytesin eachblockis
nbytes . If copying takesplacebetweerobjectsthatoverlap,thebehaior is undefined.

2. nbytes mustbestrictly greaterthanO.

3. Theupc _all _broadcast functiontreatsthesrc pointerasif it pointedto asharedmem-
ory areawith thetype:



shared [] char[nbytes]

The effect is equialentto copying the entirearray pointedto by src to eachblock of
nbytes bytesof asharedarraydst with thetype:

shared [nbytes] char[nbytes «THREADS]
4. Thetamgetof thedst pointermusthave affinity to threadO.

5. Thedst pointeris treatedasif it hasphase0.

T Do | T,
T, | Dy D | T,
#

T, o | T,
T, Dy | T,

Figure 1. upc _all _broadcast

Examples

1. Thisexamplecorresponds$o Figurel.

shared int A[THREADS];
shared int B[THREADS];
Il Initialize A.

upc_barrier;

upc_all_broadcast( B, &A[l], sizeof(int),
UPC_IN_NOSYNC| UPC_OUT_NOSYN§

upc_barrier;

2. Exampleof upc _all _broadcast

#define NELEMS10

shared [] int A[NELEMS];

shared [NELEMS] int B[NELEMS*THREADS];

Il Initialize A.

upc_all_broadcast( B, A, sizeof(int)*NELEMS,
UPC_IN_ALLSYNC| UPC_OUT_ALLSYNQ;



3. In thisexample,(A[3],A[4]) is broadcasto (B[0],B[1]) , (B[10],B[11]) :
(B[20],B[21]) , <, (BINELEMS*(THREADS-1)],BINELEMS*(  THREMS-1)+ 1]) .

#define NELEMS10

shared [NELEMS] int A[NELEMS*THREADS];

shared [NELEMS] int B[NELEMS*THREADS];

Il Initialize A.

upc_barrier;

upc_all_broadcast( B, &A[3], sizeof(int)*2,

UPC_IN_NOSYNC| UPC_OUT NOSYNg

upc_barrier;

4.2.2 Theupc_all _scatter function
Synopsis

1. #include  <upc.h>
#include  <upc _collective.h>
void upc_all _scatter  (shared void *dst, shared const void *src,
size _t nbytes, upc_flag _t sync _mode);
nbytes: the number of bytes in a block

Description

1. Theupc _all _scatter function copiestheith block of anareaof sharedmemorywith
affinity to asinglethreadto a block of sharednemorywith affinity to theith thread.The
numberof bytesin eachblock is nbytes . If copying takesplacebetweenobjectsthat
overlap,the behaior is undefined.

2. nbytes mustbestrictly greaterthanO.

3. Theupc _all _scatter functiontreatsthesrc pointerasif it pointedto asharedmemory
areawith thetype:

shared [] char[nbytes *THREADS]
andit treatsthedst pointerasif it pointedto a sharednemoryareawith thetype:
shared [nbytes]  char[nbytes *THREADS]

4. Thetagetof thedst pointermusthave affinity to threadO.
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5. Thedst pointeris treatedasif it hasphase0.

6. Foreachthread, theeffectis equivalentto copying theith block of nbytes bytespointed
to by src to theblock of nbytes bytespointedto by dst thathasaffinity to threadi.

T, Do | Ty
T, | Dy | D | D | D D, | T,
T, # D, | T,
T, D; | T,

Figure 2. upc _all _scatter

Examples

1. Exampleof upc _all _scatter  for the dynamicthreadscompilationervironment. This
examplecorrespond$o Figure2.

#define  NUMELEMSLO

#define  SRC_THREADL

shared int *A;

shared [] int *myA, *srcA,

shared [NUMELEMS] int B[NUMELEMS*THREADS];

/I allocate  and initialize an array distributed across all threads
A = upc_all_alloc(THREADS, THREADS*NUMELEMS*sizeof{(int));
myA = (shared [] int *) &A[MYTHREAD];
for (i=0; I<NUMELEMS*THREADS;i++)
myAi] =i + NUMELEMS*THREADS*MYTHREAD;// (for example)
Il scatter the SRC_THREAD'srow of the array
srcA = (shared [] int * &A[SRC_THREAD];

upc_barrier;

upc_all_scatter( B, srcA, sizeof(int)*NUMELEMS,
UPC_IN_NOSYNC| UPC_OUT _NOSYNC);

upc_barrier;



2. Exampleof upc _all _scatter for the staticthreadscompilationervironment.

#define NELEMS10

shared [ int A[NELEMS*THREADS];

shared [NELEMS] int B[NELEMS*THREADS];

Il Initialize A.

upc_all_scatter( B, A, sizeof(int)*NELEMS,
UPC_IN_ALLSYNC| UPC_OUT_ALLSYNQ:

4.2.3 Theupc_all _gather function
Synopsis

1. #include  <upc.h>
#include  <upc _collective.h>
void upc_all _gather (shared void *dst, shared const void *src,
size _t nbytes, upc_flag _t sync _mode);
nbytes: the number of bytes in a block

Description

1. Theupc _all _gather functioncopiesa block of sharednemorythathasaffinity to the
ith threadto the ith block of a sharedmemoryareathat hasaffinity to a singlethread.
The numberof bytesin eachblock is nbytes . If copying takesplacebetweenobjects
thatoverlap,thebehaior is undefined.

2. nbytes mustbestrictly greaterthanO.

3. Theupc _all _gather functiontreatsthesrc pointerasif it pointedto a sharednemory
areaof nbytes byteson eachthreadandthereforehadtype:

shared [nbytes] char[nbytes *THREADS]
andit treatsthedst pointerasif it pointedto a sharednemoryareawith thetype:
shared [] char[nbytes *THREADS]

4. Thetamgetof thesrc pointermusthave affinity to threadO.
5. Thesrc pointeris treatedasif it hasphase0.

6. For eachthreadi, the effectis equialentto copying the block of nbytes bytespointed
to by src thathasaffinity to threadi to theith block of nbytes bytespointedto by dst .
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To | Do T
T, | D T,
T, | D, ' ‘ D, | D, D, | D5 | T,
T, | Ds T,

Figure 3. upc _all _gather .
Examples

1. Exampleof upc _all _gather for the staticthreadscompilationervironment.

#define  NELEMS10

shared [NELEMS] int A[NELEMS*THREADS];

shared [] int B[NELEMS*THREADS];

Il Initialize A.

upc_all_gather( B, A, sizeof(int)*NELEMS,
UPC_IN_ALLSYNC| UPC_OUT_ALLSYNQ;

2. Exampleof upc _all _gather for the dynamicthreadscompilationervironment.

#define NELEMS10
shared [NELEMS] int A[NELEMS*THREADS];
shared [] int *B;
B = (shared [] int * upc_all alloc(1,NELEMS*THREADS*sizeo f(int
Il Initialize A.
upc_barrier;
upc_all_gather( B, A, sizeof(int)*NELEMS,
UPC_IN_NOSYNC| UPC_OUT _NOSYN(E
upc_barrier;
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4.2.4 Theupc_all _gather _all function

Synopsis

1.

#include  <upc.h>

#include  <upc _collective.h>

void upc_all _gather _all (shared void *dst, shared const void *src,
size _t nbytes, upc_flag _t sync _mode);

nbytes: the number of bytes in a block

Description

1.

Theupc _all _gather _all functioncopiesablock of memoryfrom onesharednemory
areawith affinity to theith threadto the ith block of a sharedmemoryareaon each
thread. The numberof bytesin eachblock is nbytes . If copying takesplacebetween
objectsthatoverlap,the behaior is undefined.

. hbytes mustbestrictly greaterthanO.

. Theupc _all _gather _all function treatsthe src pointerasif it pointedto a shared

memoryareaof nbytes byteson eachthreadandthereforehadtype:

shared [nbytes] char[nbytes *THREADS]

andit treatsthedst pointerasif it pointedto a sharednemoryareawith thetype:
shared [nbytes *THREADS] char[nbytes «THREADS$THREADS]

. Thetamgetsof thesrc anddst pointersmusthave affinity to threadoO.
. Thesrc anddst pointersaretreatedasif they have phase0.

. Theeffectis equialentto copying theith block of nbytes bytespointedto by src to the

ith block of nbytes bytespointedto by dst thathasaffinity to eachthread.
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Examples

Ty | Do D, | D, | D | Dy | T,
T, | Dy D, | Dy | D | Dy | T,
T, | D, I D | D, | D, Dy T,
T, | Ds D, | Dy | D | Dy | T4

Figure 4. upc _all _gather _all .

1. Exampleof upc _all _gather _all for thestaticthreadscompilationervironment.

#define NELEMS10
shared [NELEMS] int A[NELEMS*THREADS];
shared [NELEMS*THREADS] int B[THREADS]INELEMS*THREADS];

Il Initialize A.

upc_barrier;

upc_all_gather_all( B, A, sizeof(int)*NELEMS,
UPC_IN_NOSYNC| UPC_OUT NOSYNE

upc_barrier;

2. Exampleof upc _all _gather _all for thedynamicthreadscompilationenvironment.

#define  NELEMS10
shared [NELEMS] int A[NELEMS*THREADS];

shared int
shared |]

*Bdata;
int  *myB;

Bdata = upc_all_alloc(THREADS*THREADS, NELEMS*sizeof(int));
myB = (shared [] int *)&Bdata[MYTHREAD];

// Bdata contains THREADS*THREADS*NELEMElements.

/' myBis MYTHREAD'srow of Bdata.
Il Initialize A.
upc_all_gather_all( Bdata, A, NELEMS*sizeof(int),

UPC_IN_ALLSYNC| UPC_OUT ALLSYNQ;
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4.2.5 Theupc_all _exchange function

Synopsis

1.

#include  <upc.h>

#include  <upc _collective.h>

void upc_all _exchange (shared void *dst, shared const void *src,
size _t nbytes, upc_flag _t sync _mode);

nbytes: the number of bytes in a block

Description

1.

Theupc _all _exchange functioncopiestheith block of memoryfrom a sharednemory
areathathasaffinity to threadj to the jth block of asharednemoryareathathasaffinity
tothreadi. Thenumberof bytesin eachblockis nbytes . If copying takesplacebetween
objectsthatoverlap,the behaior is undefined.

. hbytes mustbestrictly greaterthanO.

. Theupc _all _exchange functiontreatsthe src pointerandthedst pointerasif each

pointedto asharedmemoryareaof nbytes *xTHREADSyteson eachthreadandtherefore
hadtype:

shared [nbytes *THREADS] char[nbytes «THREADS$THREADS]

. Thetametsof thesrc anddst pointersmusthave affinity to threadoO.
. Thesrc anddst pointersaretreatedasif they have phase0.

. Foreachpairof threads andj, theeffectis equialentto copying theith block of nbytes

bytesthathasaffinity to threadj pointedto by src to the jth block of nbytes bytesthat
hasaffinity to threadi pointedto by dst .
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i

Figure 5. upc _all _exchange .

Examples

1. Exampleof upc _all _exchange for the staticthreadscompilationervironment.

#define  NELEMS10

shared [NELEMS*THREADS] int A[THREADS]INELEMS*THREADS];

shared [NELEMS*THREADS] int B[THREADS]INELEMS*THREADS];

Il Initialize A.

upc_barrier;

upc_all_exchange( B, A, NELEMS*sizeof(int),
UPC_IN_NOSYNC| UPC_OUT_NOSYN(

upc_barrier;
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2. Exampleof upc _all _exchange for thedynamicthreadscompilationervironment.

#define NELEMS10

shared int *Adata, *Bdata;
shared [] int *myA, *myB;
int i

Adata = upc_all_alloc(THREADS*THREADS, NELEMS*sizeof(int));
myA = (shared [] int *)&Adata[MYTHREAD];
Bdata = upc_all_alloc(THREADS*THREADS, NELEMS*sizeof(int));
myB = (shared [] int *)&Bdata[MYTHREAD];

/I Adata and Bdata contain THREADS*THREADS*NELEMElements.
II' myA and myB are MYTHREAD'srows of Adata and Bdata, resp.

Il Initialize MYTHREAD'srow of A. For example,
for (i=0; i<NELEMS*THREADS; i++)
myA[i] = MYTHREAD*10+ i;

upc_all_exchange( Bdata, Adata, NELEMS*sizeof(int),
UPC_IN_ALLSYNC| UPC_OUT_ALLSYNQ;

4.2.6 Theupc_all _permute function
Synopsis

1. #include  <upc.h>
#include  <upc _collective.h>
void upc_all _permute (shared void *dst, shared const void *src,
shared const int *perm, size _t nbytes,
upc flag _t sync _mode);
nbytes: the number of bytes in a block

Description

1. Theupc _all _permute functioncopiesa block of memoryfrom a sharednemoryarea
thathasaffinity to theith threadto ablock of a sharednemorythathasaffinity to thread
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perm[i] . Thenumberof bytesin eachblockis nbytes . If copying takesplacebetween
objectsthatoverlap,the behaior is undefined.

2. nbytes mustbestrictly greaterthanO.
3. perm[0..THREADS —1] mustcontainTHREADSlistinctvalues:0, 1, ..., THREADS-1.

4. Theupc _all _permute function treatsthe src pointerandthe dst pointerasif each
pointedto a sharedmemoryareaof nbytes byteson eachthreadandthereforehadtype:

shared [nbytes] char[nbytes «THREADS]
5. Thetamgetsof thesrc , perm, anddst pointersmusthave affinity to threadoO.
6. Thesrc anddst pointersaretreatedasif they have phase0.

7. Theeffectis equivalentto copying the block of nbytes bytesthathasaffinity to thread
pointedto by src to theblockof nbytes bytesthathasaffinity to threadperm[i] pointed

to by dst .

permutation

vector
TO Do 2 D, TO
T D 3 D T
1 | ' ' 2 1
T2 D, 1 Dy T2
T, | D 0 D, | Ty

Figure 6. upc _all _permute .
Example

1. Exampleof upc all _permute .

#define NELEMS10

shared [NELEMS] int A[NELEMS*THREADS], B[NELEMS*THREADS];

shared int P[THREADS];

Il Initialize A and P.

upc_barrier;

upc_all_permute( B, A, P, sizeof(int)*NELEMS,
UPC_IN_NOSYNC| UPC_OUT _NOSYNE

upc_barrier;
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4.3 Computational Operations

4.3.1 Computational operations

1. A variableof typeupc _op_t canhavethefollowing values:

UPCADD Addition.
UPCMULT Multiplication.

UPCAND Bitwise ANDfor integerandcharactewariables Resultsareundefinedor float-
ing pointnumbers.

UPCOR Bitwise ORfor integerandcharacterariables Resultsareundefinedor floating
pointnumbers.

UPCXOR Bitwise XORfor integerandcharactewariables.Resultsareundefinedor float-
ing pointnumbers.

UPCLOGANDLogical ANDfor all variabletypes.
UPCLOGORLogical ORfor all variabletypes.
UPCMIN For all datatypes,find the minimumvalue.
UPCMAX For all datatypes,find the maximumvalue.

UPCFUNC Usethespecifiedcommutatvefunctionfunc to operateonthedatain thesrc
arrayateachstep.

UPCNONCOMMUNC Usethe specifiednoncommutatie functionfunc to operateonthe
datain thesrc arrayateachstep.

2. Theoperationgepresentetly a variableof typeupc _op_t (includinguserprovidedop-
erators)areassumedo beassociatre. A reductionor a prefix reductionwhoseresultis
dependenon the orderof operatorevaluationwill have undefinedesults®

Forward references:reduction(4.3.2),prefix reduction(4.3.3).
3. Theoperationgepresentetly a variableof typeupc _op_t (exceptthoseprovidedusing
UPCNONCOMMUNQ areassumedo be commutatve. A reductionor a prefix reduction

(usingoperatorsotherthanUPCNONCOMMUNQ whoseresultis dependenon the order
of theoperandswill have undefinedesults.

Forward references:reduction(4.3.2),prefix reduction(4.3.3).

SImplementationsare not obligatedto preventfailuresthat might arisebecauseof a lack of associatiity of
built-in functionsdueto floating-pointroundof or overflow.
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4.3.2 Theupc_all _reduce function

Synopsis

1. #include  <upc.h>

#include  <upc _collective.h>
void upc_all _reduce T(shared void *dst, shared const void *src,
upc_op_t op, size _t nelems, size _t blk _size,
TYPE (*unc)( TYPE, TYPE), upc_flag _t sync _mode);
nelems:  the number of elements
blk _size: the number of elements in a block

Description

1. Thefunctionprototypeaborerepresentthell variationsof theupc _all _reduce T func-

tion whereT andTYPE have thefollowing correspondences:

T TYPE T TYPE

C signed char L  signed long
UC unsigned char UL unsigned long
S signed short F  float

US unsigned short D double

| signed int LD long double
Ul unsigned int

For example,if T is C, thenTYPE mustbesigned char .

. If thevalueof blk _size passedoupc_all _reduce T is greaterthanO then
upc _all _reduce T treatsthe src pointerasif it pointedto a sharedmemory areaof
nelems elementsf type TYPE andblockingfactorblk _size , andthereforehadtype:

shared [blk _size] TYPE[nelems]

. If thevalueof blk _size passedoupc _all _reduce T isOthenupc _all _reduce T treats
the src pointerasif it pointedto a sharedmemoryareaof nelems elementsof type
TYPE with anindefinitelayoutqualifier, andthereforehadtype®:

shared [] TYPE[nelems]

5Note thatupc _blocksize(src) == (if src hasthistype,sotheargumentvalue0 hasanaturalconnection
to theblock sizeof src .
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4. Thephaseof thesrc pointeris respectedvhenreferencingarrayelementsasspecified
in items2 and3 above.
5. upc _all _reduce T treatsthedst pointerashaving type:
shared TYPE *
andatfunctionexit thevalueof the TYPE sharedbjectreferencedy dst is
src[0] @ sre[l]  &---@ srefnelems-1]
where“@” is the operatorspecifiedoy the variableop.

Ty D, % D| T,

T, | D] D, T,
#

T, | D T,

T3 | D T3

Figure 7. upc _all _reduce with addition operator.

Example

1. Exampleof upc _all _reduce of typelong UPCADD

#define  BLK_SIZE 3

#define  NELEMS10

shared [BLK_SIZE] long A[NELEMS*THREADS];

shared long *B;

long result;

Il Initialize A. The result below is defined only on thread 0.

upc_barrier;

upc_all_reducel( B, A, UPC_ADD, NELEMS*THREADS,BLK_SIZE,
NULL, UPC_IN_NOSYNC| UPC_OUT NOSYN{

upc_barrier;
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4.3.3 Theupc _all _prefix

_reduce function

Synopsis
1. #include  <upc.h>
#include  <upc _collective.h>

void upc _all _prefix

_reduce T(shared

upc _op _
TYPE (*func)(

*dst, shared const void *src
size _t nelems, size _t bhlk _size,
TYPE, TYPE),

void
t op,

upc flag _t sync _mode);

nelems: the number of elements
blk _size: the number of elements in a block
Description

1. Thefunctionprototypeaboverepresentthell variationsof theupc _all _reduce T func-
tion whereT andTYPE have thefollowing correspondences:

T TYPE T TYPE

C signed char L  signed long

UC unsigned char UL unsigned long
S signed short F  float

US unsigned short D double

| signed int LD long double

Ul unsigned int

For example,if T is C, thenTYPE mustbesigned char .

upc _all _prefix

. If thevalueof blk _size passedoupc _all _prefix

_reduce T is greaterthanO then

_reduce T treatshesrc pointerandthedst pointerasif eachpointedto

asharednemoryareaof nelems elementof type TYPE andblockingfactorblk _size ,
andthereforehadtype:

shared [blk _size] TYPE[nelems]

. If thevalueof blk _size passedoupc_all _prefix _reduce TisOthen

upc _all _prefix _reduce T treatsthesrc pointerandthedst pointerasif eachpointed
to a sharedmemoryareaof nelems elementsof type TYPE with anindefinite layout
qualifier, andthereforenadtype’:

shared [| TYPE[nelems]

"Notethatupc _blocksize(src)
to theblock sizeof src .

== (if src hasthistype,sotheargumentvalue0 hasanaturalconnection
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4. Thephase®f thesrc anddst pointersarerespectedvhenreferencingarrayelements,
asspecifiedn items2 and3 above.

5. If thememoryareaspointedto by src anddst overlap,the behaior of this functionis
undefined.

6. At functionexit
dstif —=src[0] @ src[l] &--- srcfi]
for0<i < nelems-1 andwhere*®” istheoperatorspecifiedoy thevariableop.

1 2

Ty | Do | D | D, D, zﬂ .goD' T
3 Z |5

T, | D; | Da| Ds gDi_zDi_zDi T
# |—60 |$ﬂ |§0

T, | Ds|Dy | Dg >D0/3D/3D T,
i=z0 i=0 i=0
9 10 11

T3 | Do | Do | Dy EODi E)DiEODi T3

Figure 8. upc _all _prefix _reduce with addition operator. The Dj’s are scalars of type
TYPE.

Example

1. Exampleof upc _all _prefix _reduce of typelong UPCADD

#define BLK_SIZE 3

#define  NELEMS10

shared [BLK_SIZE] long A[NELEMS*THREADS];

shared [BLK_SIZE] long B[NELEMS*THREADS];

Il Initialize A.

upc_all_prefix_reducel( B, A, UPC _ADD, NELEMS*THREADS,BLK SIZE,
NULL, UPC_IN_ALLSYNC| UPC_OUT_ALLSYNQ:
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4.3.4 Theupc_all _sort function

Synopsis

1. #include  <upc.h>

#include  <upc _collective.h>

void upc_all _sort (shared void *A, size _t elem_size, size _t nelems,
size t blk _size, int (*func)(shared void * shared void *),
upc flag _t sync _mode);

elem _size: the size of each element

nelems:  the number of elements

blk _size: the number of elements in a block

Description

. Thefunctionupc _all _sort takesasharedarrayAof nelems element®f sizeelem _size
byteseachandsortsthemin placein ascendingrderusingthefunctionfunc tocompare
elements.

. If thevalueof blk _size passedo upc _all _sort is greaterthan0 thenupc _all _sort
treatsthearrayA asif it hadblockingfactorblk _size .

. If thevalueof blk _size passedoupc all _sort isOthenupc _all _sort treatsthearray
A asif it hadanindefinitelayoutqualifier.

. Thephaseof the A is respectedvhenreferencingarrayelementsasspecifiedn items2
and3 above.

. Thefunctionfunc shallreturnanintegerlessthan,equalto, or greaterthanzeroif the
first agumentis consideredo be respectrely lessthan, equalto, or greaterthanthe
second.

. The function upc _all _sort performsa stable sort, that is, elementswhich compare
equalarenotreordered.
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Example

1. Exampleof upc all _sort .

#define  NELEMS10
shared [NELEMS] int A[NELEMS*THREADS];

int It_int( shared void *x, shared void *y )

{
int x val = *shared int *)x, y.val = *shared int *)y;
return  xval >yval ? -1 : xval <yval ?1: 0

}

Il Initialize A.

upc_barrier;

upc_all_sort( A, sizeof(int), NELEMS*THREADS,NELEMS,

It_int, UPC_IN_NOSYNC| UPC_OUT NOSYNg
upc_barrier;
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